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@ Continuous annealing method and apparatus for deep drawable extra-low carbon steel. 

® A method and an apparatus for continuously annealing 
extra-low carbon steels are disclosed. The apparatus for prac- 
tising the method comprises a heating zone, a temperature 
regulating zone having a large heating capacity per unit 
length of steel sheet and a good response, a rapid cooling 
zone and a final cooling zone. 
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CONTINUOUS ANNEALING METHOD AND APPARATUS 
FOR DEEP DRAWABLE EXTRA- LOV CARBON STEKT. 

This invention relates to a method and 
an apparatus for continuously annealing an extra-low 
carbon steel for deep drawing. More particularly, it 
relates to a method and an apparatus which can utilize 
excellent mechanical properties of extra- low carbon 
steel at maximum by taking a serious view of heating as 
a furnace structure as compared with the conventional 
furnace structure in which the most important section 
is cooling zone. 

Heretofore, the production of deep drawable 
steel sheets through continuous annealing process has 
been disclosed in Japanese Patent Application Publication 
No. 47-33409. As shown by a symbol (a) in Fig. 5, this 
technique lies in that a coiled steel sheet after hot 
and cold rollings is heated to a higher temperature, 
soaked at this temperature for a given time, rapid cooled 
down to about 400°C, held at about 400«'C for 1-3 minutes 
and then cooled down to room temperature. Furthermore, 
as described in the prior art of the above article, 
there is a technique wherein a low carbon steel is 
annealed by merely cooling after the heating and soaking 
as shown by a symbol (b) in Fig. 5. In any case, the 
steel sheets annealed by the above heat cycle are rigid 
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and are not fit for use as a deep drawable steel sheet. 

Therefore, an equipment for annealing low 
carbon steel according to a cycle of heating soaking ^ 
rapid cooling ^ overaging is only industrialized at 
present. 

In such a conventional technique for con- 
tinuously annealing low carbon steel to produce a deep 
drawable steel sheet, it is well-known that a cooling 
step is most important in the continuous annealing. 
That is, it is necessary to control the rapid cooling 
and overaging conditions, and further slow cooling 
conditions prior to the rapid cooling or final cooling 
conditions after the overaging. In the continuous 
annealing of low carbon steel, therefore, a serious 
problem is how such an ideal and complicated cooling 
cycle is effectively attained in the actual operation 
or how an equipment capable of producing the steel 
sheet in a high efficiency at the above heat cycle is 
designed. Up to the present, the continuous annealing 
equipments for the production of deep drawable steel 
sheets are designed and constructed on the basis of the 
aforementioned technical idea. As a result, the cooling 
portion in all the existing continuous annealing 
equipments for the production of deep drawable steel 
sheets is a rate-determining portion of the equipment, 
and the operation and control processes thereof are 
planned so as to preferentially attain the desired 
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cooling conditions. This is a natural consequence from 
a viewpoint of the conventional technical idea. 

On the other hand, it is known that when 
using an extra-low carbon steel having a carbon content 
(CsO.002%) less than a tenth of that of the conventional 
low carbon steel (C=0.04%), the overaging treatment 
becomes unnecessary. While, it is considered that 
there is no essential difference between low carbon 
steel and extra-low carbon steel in a point of going 
through the heating and soaking steps. Therefore, the 
conventional annealing furnace designed for the low 
carbon steel is applied to the extra-low carbon steel 
up to now. However, the excellent mechanical properties 
of extra-low carbon steel can not be utilized at all in 
such a furnace, and there are rather caused many 
inconvenient points - 

Wh en the low carbon steel is treated in the 
conventional continuous annealing apparatus for deep 
drawable steel sheets as shown in Fig. 4, the control 
of rapid cooling rate and overaging condition is most 
important. In order to accurately control these factors, 
a temperature starting the rapid cooling or a temperature 
at an outlet side of a soaking zone should be constant. 
However, as the sheet travelling speed, sheet gauge or 
the like changes, the temperature in the heating zone 
varies as shown by symbols (i), (ii) and (iii) in 
Fig. 4a, and in extreme cases, the sheet heated to 
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a higher temperature inthe heating zone is gradually 
cooled in the soaking zone as shown in the symbol (i) 
of Fig. 4a. 

In this connection, the following has been 
found from results of experiments made by the inventors. 
That is, an extra-low carbon steel containing 0.0025 wt% 
of C, 0.08 wt% of Mn, 0.01 wt% of Si, 0.010 wt% of P, 
0.005 wt% of S, 0.04 wt% of A£, 0.002 wt% of N and 
0.035 wt% of Ti was melted and continuously cast into 
a slab, which was hot rolled and cold rolled to obtain 
a steel sheet of 0.8 mm in final gauge. This sheet was 
heated at various heating temperatures, soaked for 
0-120 seconds and then subjected to a skin pass rolling. 
Then, the elongation of the thus treated sheet was 
measured to obtain a result as shown in Fig. 2, wherein 
numerical values described in circles are values of 
elongation (%) . As seen from Fig. 2, the elongation 
increases with the rise in the heating temperature, but 
the increase of elongation is slight at a relatively 
low heating temperature of 750*'C even when this 
temperature is held for a long time, while the influence 
of the soaking time is not substantially recognized at 
the heating temperature above 800*>C. The similar 
tendency is observed on the other properties such as 
yield strength, tensile strength and so on. 

Then, the secondary work embrittlement in the 
annealing at SSO^C was examined to obtain a result as 
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shown in Fig. 2, wherein symbol o shows no embrittlement 
and symbol x shows occurrence of embrittlement. As seen 
from the result of Fig. 2, the cracking does not occur 
even at -80°C when the soaking time is zero, while when 
the soaking is carried out for a time of not less than 
30 seconds, the embrittlement temperature is as high as 
not lower than -50°C. From this fact, it is confirmed 
that it is better to make the soaking time as short as 
possible. 

Further, the cold rolled sheet of 0.8 mm in 
final gauge was heated to various temperatures at 
a heating rate of 35**C/sec and rapidly cooled at 
a cooling rate of 30°C/sec, and thereafter r-value 
(Lankford value) was measured to obtain a result as 
shown in Fig. 3. As seen from Fig. 3, in case of the 
low carbon steel, the r-value tends to increase as the 
annealing temperature rises, but the change of r-value 
is not so large. Inversely, when the annealing 
temperature reaches SSO^'C, the rate of austenite phase 
increases to obstruct the growth of crystal grains and 
hence the r-value tends to decrease. On the contrary, 
in case of the extra-low carbon steel, the r-value 
tends to considerably increase as the annealing 
temperature rises. 

From these results, the inventors have 
discovered that the control of maximum heating tempera- 
ture is most important for obtaining a given product 
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from the extra-low carbon -Steel without controlling the 

soaking time* 

Considering the case of annealing the extra-low 
carbon steel in the conventional continuous annealing 
apparatus on the basis of the above knowledge, the 
steel sheet is annealed according to the changed heat 
cycle as shown in the symbols (i), (ii) and (iii) of 
Fig. 4a in the heating zone as previously mentioned, so 
that even when the temperature at delivery side of the 
soaking zone is constant, there is caused a problem of 
changing the mechanical properties by the maximum 
heating temperature in the heating zone. 

Since the extra-low carbon steel becomes very 
soft at high temperature, a risk of producing surface 
defects and coil breakage increases as the holding time 
at the high temperature becomes longer, so that 
a sufficient care must be taken. 

It is an object of the invention to solve all 
of the aforementioned problems in the manufacture of 
extra- low carbon steel sheets and to provide continuous 
annealing method and apparatus capable of precisely 
controlling the objective heating temperature. 

According to a first aspect of the invention, 
there is the provision of a method of continuously 
annealing an extra-low carbon steel for deep drawing, 
which comprises the steps of: 

heating a sheet material of the above steel from 
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room temperature above its recrystallization temperature; 

regulating the temperature of the heated sheet by 
rapidly heating to an objective maximum heating 
temperature, which is determined by a relation of 
previously set steel composition, production conditions 
and product properties, within an accuracy of at least 
±10°C; and 

rapid cooling without being subjected to a soaking 
and then cooling to room temperature. 

According to a second aspect of the inventin, 
there is the provision of a continuous annealing 
apparatus for deep drawable extra-low carbon steel 
comprising a heating zone, a temperature regulating 
zone having a heating capability per unit length of 
steel sheet larger than that of the heating zone and 
a good response capable of attaining a temperature 
accuracy of at least ±10°C even at a non-steady portion, 
a rapid cooling zone and a final cooling zone. This 
apparatus is different from the conventional continuous 
annealing apparatus in a point that the temperature 
regulating zone is used instead of the soaking zone and 
the overaging zone is omitted as shown in Fig. lb. 

In a preferred embodiment of the invention, 
a preliminary heating zone is arranged before the 
heating zone for improving heat efficiency. 

In another preferred embodiment of the 
invention, a zone capable of cooling during the heating 
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may be arranged in order to efficiently control the 
maximtun heating temperature. 

The invention will be described with reference 
to the accompanying drawings, wherein: 

Fig. la is a diagram showing a heat cycle in 
the apparatus according to the invention; 

Fig. lb is a schematic view of an embodiment 
of the apparatus according to the invention; 

Fig. 2 is a graph showing influences of 
soaking time and heating temperature on elongation; 

Fig. 3 is a graph showing an influence of 
annealing temperature on r-value; 

Fig. 4a is a diagram showing a heat cycle in 
the conventional continuous annealing apparatus; 

Fig. Ab is a schematic view of the conventional 
continuous annealing apparatus; 

Fig. 5 is a diagram showing a heat cycle in 
the conventional annealing; and 

Fig. 6 is a graph showing changes of properties 
when the travelling speed of the decoiled sheet is 
changed in the course of the continuous annealing. 

The apparatus according to the invention is 
largely different from the conventional apparatus shown 
in Fig. 4 in a point that the overaging zone is omitted 
and the temperature regulating zone is arranged instead 
of the soaking zone. According to the invention, it is 
intended to positively control the temperature while 
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heating the steel sheet in the temperature regulating 
zone, so that it is required to have a fairly large 
heating capacity and a good response. In this case, 
the heating capacity per unit length of steel sheet in 
the temperature regulating zone is necessary to be 
larger than that of the heating zone or preheating 
zone, and also the temperature accuracy is necessary to 
be at least ±10«C even at a non-steady portion. For this 
purpose, a means for directly blowing a high- temperature 
heated non-oxidizing gas to the steel sheet, a means 
for directly heating the steel sheet by application of 
current, a means for using a radiant tube at a tempera- 
ture higher than that usually used and so on are adopted 
to the temperature regulating zone. Further, the 
temperature regulating zone has a function of correcting 
the control of mechanical properties and change of 
components by the annealing temperature or a function 
of correcting the temperature of the steel sheet by the 
sheet travelling speed or change of sheet gauge, whereby 
the objective ultimate temperature of steel sheet can 
be controlled with a good precision. Moreover, the 
feature that the steel sheet is partially cooled in the 
course of the heating is effective for achieving the 
object of the invention. 

After the steel sheet is heated to the objective 
ultimate temperature in the temperature regulating zone 
as shown in symbols (i), (ii), (m) or (iv) of Fig. la, 
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it is rapidly cooled without passing through the overag- 
ing zone. In this case, a gas jet cooling, roll cooling 
or a combination thereof is suitable as a cooling 
means. Moreover, the cooling rate is hardly restricted 
from a viewpoint of mechanical properties, so that it 
may be determined mainly by circumstances from viewpoints 
of installation and operation because special treatment 
of rapid cooling-overaging is not required. 

The reason why the steel sheet is rapidly 
cooled after the temperature reaches the objective 
ultimate temperature is due to the fact that the 
improvement of mechanical properties is no longer 
expected when the soaking time becomes long as shown in 
Fig. 2 and conversely risks such as abnormal growth of 
crystal grains, degradation of properties increase and 
frequency in occurrence of operational troubles such as 
heat buckle, pick-up and so on becomes high. 

In order to more enhance the heat efficiency, 
a preliminary heating zone may be arranged before the 
heating zone or the heating zone may be divided into 
plural furnace bodies, which does not injure the effect 
of the invention. Further, the feature that the cooling 
zone is divided into two or more cooling furnace bodies 
for enhancing the cooling efficiency does not also 
injure the effect of the invention. 

According to the invention, when using 
an extra-low carbon steel as a sheet material, various 
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mechanical properties can be obtained from the same 
sheet material or the mechanical properties of non-steady 
portion in the sheet material can be uniformized by 
accurately controlling only the heat annealing tempera- 
ture in the continuous annealing treatment. Particu- 
larly, the invention can advantageously realize the 
following facts: 

(1) The steel sheet having very uniform mechanical 
properties can be obtained by controlling the heating 
temperature in accordance with the change of chemical 
composition; 

(2) The degradation of mechanical properties in 
outer and inner portions of hot rolled coil can be 
compensated by local high- temperature heating; 

(3) The temperature change of steel sheet due to 
the change of sheet gauge or sheet travelling speed can 
be prevented; and 

(4) The formation of products having given 
mechanical properties from the same material. 

For example, when the sheet travelling speed of the 
extra-low carbon steel (C:0.00157o, Ti: 0.055%) is changed 
in the course of the annealing as shown in Fig. 6, the 
r-value, hot coiling temperature and heating temperature 
can uniformly be maintained over substantially the 
whole length of the sheet. 
Example 

In the conventional continuous annealing 
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apparatus having such a throughput that a product of 
sheet gauge (mm) and sheet travelling speed (mpm) is 
about 400, the heating capacity of the heating zone 
(burner capacity) was about 40xlO« kcal/hr. On the other 
hand, the soaking zone had only a heating capacity 
compensating dissipation heat from the furnace body and 
its burner capacity was a tenth of that of the heating 
zone . 

On the contrary, the heating capacity of the 
temperature regulating zone according to the invention 
is at least two times of that of the conventional 
soaking zone by using a super-high temperature radiant 
tube having a furnace temperature above 1100 °C together 
with a high temperature gas jet blowing, which corre- 
sponds to 10~20xl0« kcalAr. Particularly, when 
considering the heating capacity per unit length of 
steel sheet, the heating capacity of the temperature 
regulating zone is more than that of the heating zone. 

As mentioned above, according to the invention, 
the objective heating temperature of the deep drawable 
extra- low carbon steel can be accurately controlled to 
obtain a steel sheet having no change of mechanical 
properties. Further, the heat efficiency can be enhanced 
by arranging the preliminary heating zone before the 
heating zone. These improving effects are very 
conspicuous . 
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Claims 

1. A method of continuously annealing an extra-low 
carbon steel for deep drawing, which comprises the 
steps of: 

heating a sheet material of the above steel from 
room temperature above its recrystallization temperature; 

regulating the temperature of the heated sheet by 
rapidly heating to an objective maximum heating 
temperature, which is determined by a relation of 
previously set steel composition, production conditions 
and product properties, within an accuracy of at least 
±10^C; and 

rapid cooling without being subjected to a soaking 
and then cooling to room temperature. 

2. The method according to claim 1, wherein said 
steel is partially cooled in the course of the heating 
for regulating the maximum heating temperature. 

3. A continuous annealing apparatus for deep 
drawable extra- low carbon steel comprising a heating 
zone, a temperature regulating zone having a heating 
capacity per unit length of steel sheet larger than 
that of the heating zone and a good response capable of 
attaining a temperature accuracy of at least ±10°C even 
at a non-steady portion, a rapid cooling zone and 

a final cooling zone. 
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4. The apparatus according to claim 3, wherein 
a preliminary heating zone is arranged before the 

heating zone. 

5. The apparatus according to claim 3, wherein 
a coolable zone for regulating a maximum heating 
temperature is provided in said heating zone or said 
temperature regulating zone. 

6. The apparatus according to claim 4, wherein 
a coolable zone for regulating a maximiam heating 
temperature is provided in said heating zone or said 
temperature regulating zone. 
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@ A method and an apparatus for continuously 
annealing extra-iow carbon steels are disclosed. The 
apparatus for practising the nrtethod comprises a 
heating zone, a temperature regulating zone having 
a large heating capacity per unit length of steel 
sheet and a good response, a rapid cooling zone 
and a final cooling zone. 
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